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TITLE OF THE TNVF.NTrn N 

SELF ALIGNED SYMMETRIC INTRINSIC PROCESS AND DEVICE 

BACKOR OT TNT) OF THE TNVFMTTO N 

Field of the Invention 

The present invention relates to a method for fabricating semiconductor devices and to 
a semiconductor device and, in particular, to a method of manufacturing heteroj unction 
bipolar transistors having reproducible and repeatable device characteristics in a simplified 
manner while eliminating parasitic components. 



Discussion of the Baclrproyrrt 
1 Q jj Heterojunction bipolar transistors are commonly manufactured having a vertical 

S structure. Emitter, collector and base layers are deposited and emitter and collector mesas are 
J ? formed from the respective layers. Alignment of the collector and emitter mesas is critical to 
« device performance. Other manufacturing methods have attempted to produce vertical HBT 
ju devices with aligned emitter and collector regions. This a critical alignment and any 
If; manufacturing errors diminishes device performance. Further, these methods do not provide 
the necessary tolerance to produce a manufacture HBT having reproducible and repeatable 
device characteristics necessary for a commercial device. 

U.S. Patent 5,318,916 describes a method of symmetric self aligned processing, the 
disclosure of which is herein incorporated by reference. Symmetric emitter and collector 
portions are formed using front and back side processing of a wafer. An emitter mesa is 
etched using an emitter contact or other feature as a mask on the front side of the wafer. The 
collector layer is formed using back side processing where the substrate is removed to expose 
the collector layer. A contact is formed on the collector layer symmetrically aligned with the 
enutter contact. This process is done photolithographically and may be misaligned due to 
25 manufacturing tolerances. 

The collector layer is etched to produce the collector mesa. The alignment of the 
collector contact may be improved in the case of very thin layers with an infrared alignment 
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2r man : 8 to,erances ^ misai — • ^ misai — °< — <- *e 

ph tohthographic or other proving steps wi„ degrade me devjce ^ 
scaling of the device lo a minimum feature size. 

SUMMARY OF thf rKryr^rn^,,, 
I. is an object of the present invention is to provide a symmetric seif-aligned 

manufacumng process and device having high reproducibiiity and repeaubility 

Another object of the present invention to provide a method of manufacturing with 

high reproducibility and repea.abi.ity necessary for commercia. manufacnonng 

A further object of the present invention to provide a method whereby a symmetric 

mtnns,c process can be reaiized to a scaie of ~0. , *m without requiring any critical 

alignment. 

A ^ li ^*jectofmei„ven,iontofonnac„ 1 lec to inahetero ju ncdonbipo 1 ar 
on one side of a stack of epitaxial layers in a seif-aiigned and symmetric manner to 
an emitter on another side of a stack of epitaxial layers. 

Still another object of the invention is to provide a device and a process to 
manufacmre a device have a seif-aligned and self-centered configuration 

Tlese and other objects are achieved by a meuiod of fabricating semiconductor device 
■nc.ud.ng steps of forming an emitter and a base region, and forming a coiiector region 
symmetrically seif-aiigned with the emitter region. The coiiector portion may be further 
ormed to be seif-centered with the base region. The emitter, base and coiiector regions may 
be formed from a piurahty of iayers whichare etched to form a vertica. structure where the 
emitter, base and co,le«or regions have substimtiaUy the same width. The memod may ..so 
mCude a step of etching the emitter region to form an emitter portion having a width .ess 
than a width of the emitter region and being seif-centered with the base region or a step of 
etchmg the c„,.ee,or region to form a coiiector portion having a width .ess man a width of me 
collector region and being self-centered with the base region. 

The method may also include processing the device from both the emitter side of the 
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device and the collector side of the device. The emitter portion may be formed from the 
emitter side of the device and the collector portion may be formed from the collector side of 
the dev.ce. Further, the device may consist of a plurality of layers formed on the substrate 
The emitter region may be formed using one of the layers using processing on a front side of 
the substrate, the collector region may be formed from one of the layers using processing on 
the front side of the substrate, and a contact to the collector region may be formed using 
processing from a back side of the substrate. 

The method according to the invention may also include forming a removable 
material over the emitter layer and attaching a second substrate to the removable material. 
The substrate may be removed to expose the collector region. 

The collector region may be etched to have a desired width less than a width of the 
base region and greater than a width of the emitter region. 

The method may further include the steps of forming the emitter, base and collector 
regions on a first substrate, depositing a removable film over the regions, attaching a second 
substrate to the film and then removing the first substrate to expose the collector region 
After removing the first substrate, the collector region may be etched to form a collector 
portion having a width less than a width of the base region and being self-centered with the 
base region. The collector may also be etched after removing the substrate to have a width 
less than a width of the base region and greater than a width of the emitter region. 

In a second embodiment of the method according to the invention, an emitter mesa 
may be formed and a sidewall may be formed on the emitter mesa. The step of forming the 
sidewall may be repeated a desired number of times to form a thick sidewall on the emitter 
mesa, or a dummy emitter may be used to produce a sidewall of a desired thickness The 
base region and the collector region may then be formed having substantially the same width 
using the thick sidewall as a mask. The emitter mesa is self-centered with the base region. 
The second embodiment may also include steps of forming the emitter, collector and base 
regions on a first substrate, depositing a removable film over the regions, attaching a second 
substrate to the film and removing the first substrate to expose the collector region. 

The method according to the invention may also be used to form heterojunction 
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bipolar transistor emitter, base and collector regions. The emitter region is symmetrically 
self-aligned to the collector region, the emitter region is self-centered to the base region and 
the collector region is self-centered to the base region. 

The method according to the invention may also be used to form a semiconductor 
device from a plurality of stacked layers. A first active region may be formed from one of the 
layers, and a second active region separated from the first active region by a third active layer 
may be formed. The first and second active regions are formed to be symmetrically self- 
aligned with respect to each other and self-centered with respect to the third active region. 
Such devices may be static induction transistors or vertical heterojunction FETs. 

In another use of the method according to the invention, a plurality of layers may be 
J j formed on a substrate including a collector layer, a base layer and an emitter layer. The 
[jj method may include a step of symmetrically self-aligning the collector layer, base layer and a 
emitter layer using processing from only one side of the substrate. An emitter region may be 
formed from the emitter layer self-centered with respect to the base layer, and a collector 
region may be formed in a collector layer self-centered with respect to the base region. The 
collector region may be formed using processing from a front side of substrate and a contact 
to the collector region may be formed using processing from a back side of the substrate. 
Symmetrically self-aligning the collector, base layer and emitter layer may be performed 
using processing on a front side of the substrate. An narrower emitter portion may be formed 
in the emitter layer self-centered with respect to the base region using processing on the front 
side of the substrate, and a narrower collector portion may be formed in the collector layer 
self-centered with respect to the base region using processing from a back side of the 
substrate. 

The above and other objects may also be achieved by a semiconductor device having 
a base, an emitter and a collector. The collector is symmetrically self-aligned with the 
emitter. The collector and the emitter may be further self-centered with the base. The emitter 
may have a narrow portion self-centered with the base and the collector portion may also 
have a narrow portion self-centered with the base and symmetric with the emitter portion. 
The base layer may have a lower ledge and an upper ledge. A first base contact may be 
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formed on the upper ledge self-aligned with the emitter and a second base contact may be 
formed on the lower ledge self-aligned with the collector. The collector may have a width 
less than a width of the base and greater than a width of the emitter. Further, the device may 
be a heterojunction bipolar transistor. 



BRIEF DESCRIPTION OF tup hp 
A more complete appreciation of the invention and many of the attendant advantages 
thereof will be readily obtained as the same becomes better understood by reference to the 
« following detailed description when considered in connection with the accompanying 

10 SO drawings, wherein: 

f Lj FIG. 1 is a sectional view illustrating steps in the process of manufacturing an HBT in 

[y a first embodiment of the method according to the invention; 

J" FIG. 2 is a sectional view illustrating steps in the process of manufacturing an HBT in 

C3 the first embodiment of the method according to the invention; 
15 p FIG. 3 is a sectional view illustrating steps in the process of manufacturing an HBT i 

Jjjj the first embodiment of the method according to the invention; 

^ FIG. 4 is a sectional view illustrating steps in the process of manufacturing an HBT i 

the first embodiment of the method according to the invention; 

FIG. 5 is a sectional view illustrating steps in the process of manufacturing an HBT 
20 the first embodiment of the method according to the invention; / 
FIG. 6 is a sectional view illustrating steps in the process of manufacturing an HBT in 
a second embodiment of the method according to the invention; 

FIG. 7 is a sectional view illustrating steps in the process of manufacturing an HBT in 
the second embodiment of the method according to the invention; 

FIG. 8 is a sectional view illustrating steps in the process of manufacturing an HBT in \ 
a third embodiment of the method according to the invention; 

FIG. 9 is a sectional view illustrating a sidewall formation process in the third 
embodiment of the method according to the invention; 
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FIG. 14 is a sectional view illustrating steps used i„ f • L / 
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The HBT device includes an emitter 1 1, a base 12 and collector 13. The emitter 
contains a portion 16 formed by undercutting. Formed on the emitter is emitter contact 15 
and formed over the collector is collector contact 50. Base contacts 3 1 are formed to base 
region 12. Reference numerals 30 and 40 represent planarizing material which is removable, 
and reference numeral 41 represents a surrogate substrate used in manufacturing the device. ' 
The emitter 1 1 and collector 13 are symmetric and self-aligned, and the emitter portion 16 is 
self-centered and self-aligned to both the emitter 1 1 and collector 13. The structure greatly 
reduces parasitic components of the device which reduce or limit performance. 

Typically, substrate 14 is a GaAs material, collector layer 13 is a GaAs layer of 
approximately 100O-lO,000A in thickness, base layer 12 is an 100-1000 A thick GaAs layer 
CO and emitter layer 1 1 is a composite 500-5000 A thick AlGaAs/GaAs layer. Other thicknesses 
ft and materials are possible. For instance, substrate 14 may be a InP material, collector layer 
| 13 may be an AlInAs, GalnAs and/or InP material, base layer 12 may be GalnAs and emitter 
layer 1 1 may be a composite AlInAs, GalnAs and InP layer. GaN-based and Si-based 
materials may also be used. While not illustrated, etch stop layers may be disposed between 
collector 13 and substrate 14, and between base layer 12 and emitter layer 11. 

In a second embodiment of the device, shown in FIG. 7, the collector mesa has a more 
narrow portion 60, also formed by undercutting, which is symmetric, self-aligned and self- 
centered to the base 12 and collector 61. Portion 60 is also self-aligned and self-centered to 
base layer 12, and may be symmetric to emitter portion 16. Portion 60 may be formed by 
undercutting. Emitter 1 1 and collector 13 are also self-aligned, as in the case of the first 
embodiment. Also shown are backside base contacts 70. The structure further reduces 
parasitic components of the device which reduce or limit performance compared to the device 
according to the first embodiment. 

A first embodiment of the method of manufacturing an HBT according to the 
invention will now be described. FIG. 1 illustrates an HBT structure 10 having an emitter 
layer 11, a base layer 12, and a collector layer 13 formed on top of a substrate 14. Emitter 
layer 1 1 is shown as having two layers, but may have more than two layers, as discussed 
above. Molecular beam epitaxy (MBE) and/or metal-organic chemical vapor deposition 
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(MOCVD) may be used to form the layers. An emitter contact 15 is formed on the emitter 
layer using standard lithography techniques. Contact 15 is typically formed of metal such as 
TVPt/Au to a thickness of approximately 2000 A. The dimensions of the device are scalable 
to -0.1 nm. FIG.l illustrates for reference typical device dimensions with a length of 0 1 am 
shown for scale purposes only. The invention is not limited to particular device dimensions 
but can be applicable to a wide range of possible device materials and dimensions. The width 
of the emitter contact shown in FIG. 1 is scalable to 0.2-0.3 um. 

The emitter contact 15 is used as a mask to etch the layers to provide structure 10. 
The etching is preferably continued through the collector layer or down to substrate 14. An 
anisotropic dry etching process is preferably used. While FIG. 2 shows essentially vertical 
sidewalls with no undercutting of the base, if the materials in the HBT or the etching 
chemistry, or both are properly chosen, a top base ledge can be formed on top of the base 
layer due to a higher etch rate of the emitter material on top of the base. This can be done in a 
separate step. 

The undercut leaves an emitter portion 16 having a width of approximately 0.1 um 
The undercutting shown in FIG, 2 results from using etches selective to particular materials in 
a composite emitter layer. One or more of the layers of the emitter is preferentially etched 
while leaving remaining layers.. The undercutting also forms base layer ledges 17 having a 
length of approximately 0.1 jim. 

A removable fill material 30 is applied to the device and planarized up to a level of the 
base, as shown in FIG. 3. Examples of fill material 30 are a polyimide film, SiCs or spin-on 
glass. Metal 3 1 is deposited on the base, preferably by a process that allows control over the 
proximity of the totalization to the emitter edge. Angled evaporation is one example. The 
metalization is performed around the periphery of the device by rotation around an axis at an 
angle to a longitudinal axis of the device. The proximity of the base metal 3 1 to emitter 
portion 16 is determined by the emitter thickness, the amount of undercut of the emitter 
relative to the emitter contact and base, and the angle of evaporation. 

More removable fill material 40 is deposited over the device and planarized. The 
device is then attached to a surrogate substrate 4 1 by a known method, and flipped, as shown 



in FIG. 4. The surrogate substrate 41 may be made of diamond, SiC, BeO or other materials. 
Known attachment methods include deposition and bonding methods. Deposition methods 
include plasma evaporation and plating, and bonding methods include epoxy, eutectic metal, 
fusion and direct. The backside processing of the device now takes place. Substrate 14 is 
lapped and polished to leave a portion 42. The collector material is exposed by a further 
selective etching process (or processes) that remove the substrate material but have low etch 
rates of the fill material 41 and the collector material, and/or by a method such as chemo- 
mechanical polishing (CMP). This resulting structure is illustrated by FIG. 5. 

Metal is deposited and etched to form a collector contact 50 using lithographic 
techniques. The device has a self-aligned and self-centered emitter region and a self-aligned 
collector region. The device is capable of scaling to submicron dimensions, in particular -0.1 



um. 



In a second embodiment of the method according to the invention, the backside 
processing of the device shown in FIG. 5 is modified. Prior to the collector contact formation 
step, the fill material 30 is etched to expose the collector mesa 13, as shown in FIG. 6. Here, 
collector 13 may be formed of two or more layers, such as 60 and 61 having different etching 
characteristics so that selective etching and undercutting may be performed. One or more of 
the layers of the collector is preferentially etched while leaving remaining layers.. The 
etching is continued to expose the base material 12 and to form base ledges 62 on the back 
side of base 12, expose base metalization 3 1, and to undercut the collector mesa to reduce the 
width of collector layer 60. Using another angled totalization technique, a backside base 
contact 70 is formed over the front side base totalization 3 1 and the exposed base material. 
These steps are illustrated in FIG. 7. As in the case of the emitter contact formation, the 
metalization is performed around the periphery of the device by rotation around an axis at an 
angle to a longitudinal axis of the device. The proximity of the backside base metal 70 to the 
collector portion 60 is determined by the thickness of collector 13, the amount of undercut of 
collector 13 relative to the collector contact and base, and the angle of evaporation. 

A collector contact 71 is also formed using a metalization process. If the backside 
base metal contact 70 and collector contact totalizations are compatible, they can be formed 
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in the same step. The device has a self-aligned and self-centered emitter region and a self- 
aligned collector region. Again, the device is capable of scaling to submicron dimensions, in 
particular ~0.1 um. 

Frontside processing may also be used to undercut the base to form both ledges 17 
and ledges 62. The materials of the device and/or the etching chemistry may be selected to 
etch a layer or layers of both the emitter and the collector when forming the device stack. 
Both emitter portion 16 and narrowed collector layer 60 result. Also, the etching may consist 
of an etch sequence where a first anisotropic etch is performed to expose base 12, base 12 is 
undercut by a selected amount to form ledges 17 using a selective etch process, anisotropic 
etching is continued to expose the collector, and base layer 1 2 is undercut on the collector 
g side to form ledges 62 using a selective etch. This sequence may be modified to slightly 
f Lj undercut the base on the emitter side, then performing an etch to undercut the base on both 
jj sides to complete the formation of ledges 17 and form ledges 62. The etch sequences are 
jjj advantageous in forming a collector wider than the emitter. 

j 3 The processing of the device continues as shown in FIG. 3 by depositing removable 

.= fill material 30 and forming contacts 31 to base ledges 17. A surrogate substrate is attached 
f 5 and substrate 14 is removed, as described above for the first embodiment. The removing of 
» fill material 30 exposes bottom base ledges 62 and contacts are formed on ledges 62 and 
collector layer 61, as described above for the second embodiments. 

A third embodiment of the device according to the invention is shown in FIG. 15. 
The device includes emitter mesa 81 and collector region 140, both formed to be self-centered 
with respect to base region 101. Collector region 140 has a width less than that of base 
region 101 and greater than that of emitter mesa 81. Contact 1 50 is formed on collector 140, 
contact 1 13 is formed on emitter mesa 81, and contacts 1 12 and 151 are formed on base mesa 
101. Also shown are insulating sidewalls 110, 111 and 152 used in the process of fabricating 
the device. 

A third embodiment of the method according to the invention will be described with 
reference to FIGS. 8-15. FIG. 8 shows an emitter mesa 81 formed on base material 80. The 
emitter mesa may be formed using a removable dielectric or the contact metalization as an 
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etch mask. On either side of emitter mesa 8 1 are formed sidewalls 82. Sidewalls 82 
formed of a dielectric material by well known techniques. Briefly, the sidewalls are formed 
by conformal deposition of a dielectric material of a given thickness (typically 0.2 microns) 
followed by an anisotropic etch, preferably a dry etch, of normally the same thickness. FIG. 
8 shows sidewalls 82 having vertical walls and square corners. However, in practice the 
upper portion of the sidewall 82 is somewhat rounded. 

As shown in FIG. 9, the sidewall deposition step may be repeated a number of times 
to produce thicker sidewall film 83. The sidewall is repeated N times to form a thick sidewall 
and ledge underneath the sidewall of a width N times the thickness of the deposited film. The 
width of sidewall 83 is chosen to be sufficient for a particular application. For example, 
when it is desired for a HBT to have a width comparable to a base transfer length, which is 
defined as the square root of the ratio between the base contact resistivity in the base 
resistance. For base contact resistance of 10" 6 ohm-cm 2 and a base sheet resistance of 100 
ohms/square, this yields a transfer length of 1 micron. In this case, N is approximately 5 
1 5J 3 where the nominal dielectric sidewall thickness is 0.2 microns, 
g The thicker sidewall 83 for self-centering of the emitter mesa may also be formed 

B by increasing the height of the emitter mesa since the thickness of a single sidewall iteration 
\1 can be increased as the emitter mesa height is increased. This can be accomplished by 

increasing the thickness of epitaxial layers or, alternatively, with forming a dummy emitter on 
top of the epitaxial layers. A dummy emitter may be formed by first depositing a thick (~ 0.5 
to 2.0 micron) dielectric layer on the emitter and then forming the emitter mesa by patterning 
and then vertically etching the thick dielectric layer and then etching the emitter 
mesa using the thick dielectric layer as an etch mask. This thicker height of the emitter mesa 
plus dielectric compared to emitter mesa allows a thicker sidewall to be used and reduce the 
25 number of iterations required to achieve a sidewall of a given desired thickness. 

The thick sidewall process according to the invention is advantageous when applied to 
a self centered, self aligned and symmetric device where the emitter mesa width is to be 
substantially smaller than the base mesa width, for example, where the emitter mesa width is 
approximately 1/3 or less than the width of the base mesa. 
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A masking material is formed over the emitter mesa and the thick sidewall to protect 
the emitter mesa from subsequent etching processes. As shown in FIG. 10, material 100 is 
formed over emitter mesa 81 and sidewall 83. Following the masking step an anisotropic 
etching step is performed to leave base region 101. FIG. 10 also illustrates collector 102 
5 exposed during the base region etching step. The etching is preferably continued through the 
collector region. 

Following removal of the masking material 100 and thick sidewall 83, sidewalls are 
formed on the emitter mesa 81 and base region 101. This is illustrated in FIG. 1 1 as sidewalls 
1 10 on the emitter mesa 81 and sidewalls 1 1 1 on base mesa 101. The sidewalls may be 
1 0 q fonned using the same process described above to form sidewalls 82. 

CO Following the formation of sidewalls 1 10 and 1 1 1, the base and emitter metalizations 

are formed. These are shown as 1 12 and 1 13, respectively in FIG. 11. FIG. 1 1 also illustrates 
U excess metalization 1 14 formed on base material 80. This metal will not contact the device 
[fj and may be subsequently removed if desired. 
15:^ Alternatively to sidewall formation to maintain emitter and base contact isolation, 

» and, for example, if the emitter contact is used to form the emitter mesa, the emitter contact 
fU may be undercut such that subsequent base contact formation with an anisotropic method 
j: such as e-beam evaporation will not compromise emitter and base contact isolation. 

A brief etching step may also be performed prior to the emitter and base metalization 
to remove any damage to the base metalization region caused during the emitter mesa etch 
and to facilitate an undercut of the sidewall to avoid leakage current between the emitter and 
base. At this point the processing steps could proceed in the manner following FIG. 3 
described above for the first embodiment according to the method. The modified structure 
formed by the processing steps described in connection with FIGS. 6 and 7 may also be 
25 performed at this point. 

The processing of the structure shown in FIG. 1 1 may also proceed in a fourth 
embodiment of the method according to the invention. A removable film material as 
described above is deposited over the structure of FIG. 1 1 and planarized. A surrogate 
substrate is then attached to the removable film material and the device is flipped for backside 
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processing. FIG. 12 illustrates the deposited film material 121 attached to the surrogate 
substrate 120. FIG. 12 also illustrates the device after the substrate removal process which is 
carried out as discussed above in connection with FIGS. 4 and 5 in the first embodiment of 
the method according to the invention. The film material 121 and the sidewalls 1 1 1 are 
etched to expose a portion of the collector mesa 122. This step is performed by selective 
etching process. 

FIG. 13 illustrates an etching step performed on collector mesa 122. This etching step 
is an isotropic backside etch to reduce the collector mesa both in width or width and 
thickness. This step may be performed using a wet etching step with or without etch stop 
p layers. This step produces a collector mesa which is self-centered on the base mesa and 
O symmetrically self-aligned to the emitter mesa 81 on the opposite side of the base layer. The 
ju etching step is preferably selective against etching the base layer. The backside etching can 
|5 be extended to result in a more narrow collector mesa 140, as shown in FIG. 14. With proper 
Jj{ selection of the exposed collector portion revealed from the backside, a desired collector mesa 
^ width between that of the width of the base region 101 and the emitter mesa 8 1 maybe 
:i realized. The arbitrary-width collector is again self-centered on base region 101 and self- 
jj] aligned symmetrically to emitter mesa 81. The sidewalls of the collector mesas 130 and 140 
J 3 are shown less than vertical since a wet etch was used. 

FIG. 1 5 illustrates further sidewall deposition step to produce sidewalls 1 52 on the 
collector mesa. The sidewall formation step is followed by a metalization to form collector 
contact 150 and backside base contacts 151. Due to the possible non-vertical angle of the 
collector mesa sidewall, metalization may result on the sidewall which can compromise 
electrical isolation between backside base contact 151 and collector contact 150. Since the 
sidewall metalization is thinner than that forming base contact 151 and collector contact 150, 
it may be removed, for example, by a blanket angled ion milling step. A backside etch may 
further be briefly performed prior to the backside base contact and collector contact formation 
steps to facilitate an undercut of the sidewall to avoid the situation where the base and 
collector contact isolation is compromised. This brief back side etch may result in an 
undesirable increase in extrinsic base sheet resistance. However, this may be avoided with 
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proper design of the epitaxial structure such that the backside base etch is selective against a 
layer formed between the base and collector which does not otherwise significantly comprise 
the device performance and is of an approximate thickness equal to the material removed in 
the brief backside etch. 

5 FIG. 1 6 is a sectional view of a static induction transistor or heterojunction fxeld 

effect device according to the invention. The device includes an n+ drain region 161, and n+ 
source region 163 and an n- channel region 162. Gate contacts 166 are made to n- channel 
region 162, drain contact 169 is made is drain region 161 and source contact 164 is made to 
source region 163. On either side of the device are thermal spreaders or surrogate substrates 
10 „ 168 and 171. The thermal spreaders 168 and 171 may be made of the same materials as the 
j j surrogate substrate 4 1 described above. Further, they may either be attached or deposited 
| When forming device - ^ de vice including the thermal spreaders is bonded to heat sink 
U 172 which could be made of diamond, A1N, BeO or Cu. The static induction transistor 
[» according to the invention has symmetrically self-aligned drain and source regions. The 
15 ; 3 extrinsic drain capacitance is also virtually eliminated. 

== Regions 161-163 are typically formed of GaAs, SiC or GaN. Regions 161 and 163 

f y are typically about 1000 A in thickness and region 162 has a thickness in the range of 0.25 to 
Jt 2.5 Mm. The source region material may also be chosen to have a higher bandgap than n- 
channel region 162. The metal contacts may be formed of Ti/Pt/Au as in the previous 
20 embodiments. 

The static induction transistor is formed using similar techniques to those described 
above for the HBT embodiment. First, as shown in FIG. 17, a stack of layers including an n+ 
source, n- channel region and n+ drain region are formed on a substrate 160. The layers may 
be formed by MBE or MOCVD. Source metalization 164 is formed, using known 
metalization and lithography processes, and is used as a mask to etch the layers to form the 
device regions. Removable film material 165 is deposited up to a level at which the gate 
contacts 1 66 are to be formed. Typically, gate contacts 1 66 are formed closer to the source 
than to the drain in this device. The formation of these contacts on the vertical sides may be 
done with the aid of a sidewall or other techniques typically used in the fabrication of SIT 
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devices. After forming the contacts 166, contacts 167 are formed using standard techniques 
More removable film material 165 is added and the device is planarized. This is illustrated in 
FIG. 18. 

A first thermal spreader or surrogate substrate 168 is then attached to the device, 
5 allowing interconnection to metal contacts 166 and 167 and source contact 164. The device 
is then flipped and the substrate removed using the same techniques as described above. A 
drain contact 169 is formed and more removable film material 170 is added to planarize the 
device. A second thermal spreader or surrogate substrate 171 is then attached to be in contact 
with drain contact 164 and the entire device is then bonded to heat sink 172. These steps are 
1 0 f 3 illustrated in FIG. 1 6. 

I j The present invention allows one to manufacture semiconductor devices such as 

HBTs with high repeatability and reproduceability. The devices are symmetric and self- 
aligned creating consistency in device characteristics. The devices are further self-centered 
which enhances the repeatability and reproduceability of the process and consistency in the 
device characteristics. The self-centered symmetric intrinsic process according to the 
invention is capable of producing manufacture symmetric-intrinsic HBTs (SIHBTs) with f T 
> 300 GHz and f^ > 1 THz and power dissipation < 10 uW per transistor in the InP-based 
materials system. This performance is comparable or potentially superior to that obtainable 
with HEMT technology. This method according to the invention has the potential to produce 
devices exhibiting the highest possible speed, current drive, linearity, uniformity and areal 
density and is thus an excellent candidate for low power 100 GHz circuits. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. For example, while the invention has been described using HBTs, the 
present invention is not so limited. The invention is also applicable to other devices. Further, 
the embodiments used to illustrate HBT the invention are in the emitter-up configuration. 
The invention is, however, also applicable to other configurations such as emitter-down. 
Other conductivity type regions (i.e., p-type instead of n-type) may beused. 
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